On the basis of the first law of black hole thermodynamics, we propose the concept of effective temperature of de Sitter(dS) black holes and conjecture that the effective temperature should be the temperature of the dS black holes when the Hawking radiation temperatures of the black hole horizon and the cosmological horizon are equal. Choosing different independent variables, we can find a differential equation satisfied by the entropy of the dS black hole. It is shown that the differential equation of entropy is independent of the choice of independent variables. From the differential equation, we get the entropy of dS black hole and other effective thermodynamic quantities. We also discuss the influence of several parameters on the effective thermodynamic quantities.
I. INTRODUCTION
Recent years, the studies on the thermodynamic properties of black holes have made some progress. Firstly, Based on the fact that black hole satisfies the first law of thermodynamics, one corresponded the cosmological constant in AdS spacetime to the pressure in general thermodynamics, and got the extended first law of thermodynamics of black holes. For de Sitter spacetime, thermodynamic quantities of black hole horizon and cosmological horizon satisfies with the first law of thermodynamics respectively [27, 28] . However, the Hawking radiation temperature of two horizons are not equal in general cases [29] [30] [31] [32] [33] [34] [35] [36] [37] , thus the de Sitter black holes does not meet the requirement of stability of the thermodynamic equilibrium. This limited the research on the thermodynamical properties of the de Sitter black holes. Recent years, with the in-depth study of dark energy, the thermodynamical properties of de Sitter black holes aroused people's attention [38] [39] [40] [41] [42] [43] . Because during the inflation in the very early period, our Universe was a quasi-de Sitter spacetime, and the cosmological constant introduced in the de Sitter spacetime is the contribution of vacuum energy, which is also a kind of matter energy. If the cosmological constant is just the dark energy, our Universe will evolve to a new de Sitter phase [50, 51] . For constructing the whole history of evolution of the Universe, it's necessary to understand both the classical and quantum properties of the de Sitter spacetime. People usually define the entropy of de Sitter spacetime as the sum of two horizon's entropies [34, [37] [38] [39] [40] . However, there is no theoretical proof supports this consequence.
Reviewing the four laws of thermodynamics found by Hawking and Bekenstein etc., [44] [45] [46] [47] [48] , and given the Hawking radiation temperature of black hole, the equation of state of black hole satisfy the first law of thermodynamics. By comparing the such a equation with the general thermodynamics system, they got the famous conclusion that the entropy of black hole equals quarter area of black hole horizon. Using this approach to the de Sitter spacetime one can get the same conclusion, i.e. the entropy of black hole horizon and the cosmological horizon are quarter of their corresponding area respectively. But some thermodynamic quantities in two horizons are same, such as energy, charge etc., which means two horizons are not independent. Entropy is usually related to the numbers of microscopic states. Although the microscopic origin of black hole entropy is still unclear, it must exist. For black holes with multiple horizons, such as SdS black hole, the black hole horizon and the cosmological horizon are in fact not independent. There may exist some correlations between them. The size of black hole horizon is closely related to the size of the cosmological horizon, and the evolution of black hole horizon will lead to the evolution of the cosmological horizon. Taking the correlations between the horizons into account, the total numbers of microscopic states are not simply the product of those of the two horizons (it will be, if the two horizons are isolated). Therefore, the total entropy is no longer the sum of the entropies of the two horizons, but should include an extra term coming from the contribution of the correlations of the two horizons.
In order to further study the thermodynamic properties of de Sitter black holes, we need to define its temperature and entropy. In this work, based on the consideration of dimension, we set the entropy of de Sitter black holes has the form of function F n (x). (here x = r + /r c and r + , r c are positions of the black hole horizon and the cosmological horizon). Through the basic condition that the thermodynamic quantities of spacetime satisfy the first law of thermodynamics, and the relation between the effective temperature of spacetime and the radiation temperature of two horizons, we can find the differential equation for F n (x). As the black hole horizon of spacetime approaches to zero and de Sitter black hole approaches to the pure de Sitter one, and regard these as the initial conditions, the differential equation can be solved and the result is just the entropy. Furthermore, we can get the effective temperature and pressure etc. In order to make the discussion more general, we focus on the higher dimensional topological de Sitter black holes with nonlinear source (HDBRN) spacetime.
This paper is organized as follows. In Sect. 2, the corresponding thermodynamic quantities of black hole horizon and the cosmological horizon in the HDBRN spacetime will be introduced. And the condition obeyed by spacetime charge Q, when the radiation temperature of two horizons equal to each other. In Sect. 3, on the basis of considering the relation between two horizons, we give the entropy of HDBRN spacetime which satisfies the first law of thermodynamics as well as the effective temperature and pressure. Our conclusions are presented in Sect. 4.(we use the units G = = k B = c = 1)
II. TOPOLOGICAL BLACK HOLE WITH NONLINEAR SOURCE
The(n+1)−dimensional action of Einstein gravity of nonlinear electrodynamics is [49, 52] :
where R is the scalar curvature, Λ is the cosmological constant. In this action,
is the Lagrangian of nonlinear electrodynamics. F = F µν F µν is the Maxwell invariant, in which F µν = ∂ µ A ν − ∂ ν A µ is the electromagnetic field tensor and A ν is the gauge potential.
In addition, α denotes nonlinearity parameter which is small, so the effects of nonlinearity can be considered as a perturbation.
The n + 1 -dimensional topological black hole solutions can take the form of When Λ > 0, the position of the spacetime black hole horizon r + and the universal horizon r c is satisfied with the equation f (r +,c ) = 0. The radiation temperature of the two horizon can be written as follows [28, 49] T
The mass of the black hole is
The thermodynamic quantity corresponding to the two horizons satisfies the first law of
From the equation f (r +,c ) = 0, one can obtain
where x = r + /r c . When T + = T c , by solving Eq (2.5) and Eq (2.6), we can get
From Eq 2.10) and Eq (2.12), one can find when T + = T c , one can obtain the following
The Eq. (2.13) can be rewritten as
We can find that Eq. 
16)
When set n = 3, α = 0, the spacetime will return to RN-de Sitter spacetime, one can obtain the effective temperature
which is as same as the result mentioned by Ref [35, 36, 53] . 
(2.19)
In Fig. 1(a) , we plot the radiation temperature T as the function of positions of the black hole horizon x with the different values of α. As shown in the figure, one can see that the maximal value of the two horizon radiation temperature is proportional to α, and the region where the temperature is greater than zero is also proportional to the value of α . In Fig.1 (b), we also plot the radiation temperature T as the function of positions of the black hole horizon x with the different values of q, we find that the maximal value of the two horizon radiation temperature is proportional to q when choose the same values of α, and the region where the temperature is greater than zero is also proportional to the value of q. 
III. SPACE-TIME ENTROPY AND THE EFFECTIVE THERMODYNAMIC

QUANTITIES
The first law of thermodynamics is to study the universal relations of the thermal properties. The state parameters of HDBRN space-time satisfies with the first thermodynamic relation formula is written as [54, 55] 
Considering the dimension, we assume the space time entropy is
where F n (x) is an arbitrary function of x. 
where
When we set T + = T c , the effective temperature of the spacetime also has the same value
. 
Substituting Eq. (2.18) and Eq. (3.12) into Eq. (3.9), we have
From Eq. (3.11) and Eq. (3.13), one can find that the system entropy satisfied the solution of the differential equation is independent of the selected variables. The solution of Eq.
(3.13) can be written as
The case of calculating the Eq (3.13) is permitted for F n (0) = 1 or f n (0) = 0. It is based on that x → 0, r + << r c , which means the spacetime verge to the pure de Sitter spacetime.
From Eq. (3.11) and Eq. (3.7), one can obtain the effective temperature
.
The effective pressure is with
The effective electric potential is
x 2n−2 . Fig. 2 , respectively. From Fig. 2(a) , one can observe that the region of spacetime effective temperature T ef f greater than zero is inversely proportional to the number of space-time dimensions. We can also find the maximal value of effective pressure P ef f is proportional to the number of space-time dimensions when the value of q and α is fixed, as shown in Fig. 2(b) . In addition, Fig. 2(c show the how the effective temperature, pressure and electric potential versus x with the different values of α. As shown in Fig. 3(a) and Fig. 3(b) , when the values of n and q are fixed, the effective temperature T ef f and the effective pressure P ef f is not effected by α.
From Fig. 3(c) , one can find that the maximal value of effective electric potential Φ ef f is in direct proportion to the value of α.
In addition, as the same method above mentioned, we also plot the curves about T ef f −
x, P ef f − x, Φ ef f − x with the different values of q. The Fig.4 indicates that the maximal values of effective temperature T ef f and the effective pressure p ef f are inversely proportional to the value of is inversely direct proportion to the values of q , while the electric potential is in direct proportion to it.
IV. CONCLUSION AND DISCUSSION
People usually think that black hole thermodynamics is one of the key points to connect gravity and quantum mechanics, and very useful for the study of quantum gravity theory.
There are systematic approaches and rich features for the research of black hole thermodynamics in AdS space, especially the criticality, while it's useless for the research of de Sitter spacetime. The main reason is there are black hole and the cosmological horizons which have different radiation temperature in general, so the spacetime does not satisfy the requirement of stability of thermodynamic equilibrium. Secondly the corresponding thermodynamic systems of two horizons are not independent, there are some relations between them. Therefore, it is important to find a thermodynamic system to describe the de Sitter spacetime completely. The recent references [54, 55] proposed a new approach to study the thermodynamics of dS black holes. We use this approach to the higher-dimensional de Sitter spacetime with nonlinear electric field and try to provide the theoretical basis to find the general entropy of the dS black holes and the effective thermodynamical quantities.
From the discussion in Sect. 3, it is known that to find the entropy of the dS black holes and the effective thermodynamical quantities, we need to consider the first law of thermodynamics and the dimension, thus we have equation (3.6) . When the radiation temperature of black hole horizon T + equals the radiation temperature of the cosmological horizon T c , i.e. T = T + = T c , then the effective temperature T ef f should be same with these two temperature of horizons, i.e. T = T ef f . We obtain the differential equation of spacetime entropy, see Eq. 3.13). And from Eq. (3.11) and Eq. (3.13), we know that the differential equation has no relation with the independently parameters we choose. This is same with the research in multi-variables general thermodynamics. It means that the conclusions from HDBRN spacetime thermodynamics are self-consistent. When x → 0, the spacetime approaches to pure de Sitter as a initial condition and solve the differential equation (3.11) or (3.13), then we get the formula of entropy function (3.14) . This formula implies that the entropy of HDBRN spacetime does not include the nonlinear parameters α and q, and it is just the function of the position of spacetime horizon. This is consistent with the entropy of black hole horizon S + and the entropy of the cosmological horizon S c .
What's more, the effective temperature of HDBRN spacetime given by Eq. 
